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Experimental 

Crystal data 

C23H22O8 
M, = 426.41 
Orthorhombic, P2i2i2i 
a = 6.05837 (10) A 
b = 8.33827 (14) A 
c = 40.9992 (7) A 

Data collection 

Agilent Xcalibur Eos Gemini 
diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2011) 
T^„ = 0.780, r„„^ = 0.812 

Refinement 

R[F^ > 2a(F^)] = 0.036 

wR{F^) = 0.094 

S = 1.06 

2421 reflections 



V = 2071.13 (6) A-' 
Z = 4 

Cu Ka radiation 

= 0.87 mm"' 
r = 291 K 

0.30 X 0.30 X 0.25 mm 



10556 measured reflections 
2421 independent reflections 
2335 reflections with / > 2a(I) 
Ri„, = 0.026 



282 parameters 

H-atom parameters constrained 
Ap„ax = 0.19 e A"' 
Ap„i„ = -0.26 e A"' 



The title compound, C23H22O8, is a binary benzoyl ester whose 
nucleus consists of a fused system made up of a methylenedi- 
oxy ring and two tetrahydrofuran rings. One of the benzoyl 
ester groups is attached at the junction of the two tetrahydro- 
furan rings. The other is attached to the outer tetrafuran ring. 
Both the benzoyl ester groups are in an axial conformation 
with respect to the outer tetrhydrofuran ring. In the crystal, 
molecules are linked by two weak C— H- ■ -O hydrogen bonds, 
forming a chain running parallel to the a axis. 

Related literature 

For details of the synthesis and absolute configuration of the 
nucleus, see: Tronchet & Bourgeois (1971). For applications of 
the nucleus, see: Xavier et at. (2009); Rajwanshi et al. (1999). 
For structure of a bicyclo-glycosyl compound, see: Zhang et al. 
(2011). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-U-A 


£>-H 


n-A 


D-A 


D-U-A 


C2-H2- ■ 06' 


0.98 


2.55 


3.2793 (17) 


131 


C4-H4- ■ 08" 


0.98 


2.59 


3.4882 (16) 


153 


Symmetry codes: (i) x - 


f 1, v, z; (ii) X 


-i,y, z. 







Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
OLEX2 (Dolomanov et al, 2009) and PLATON (Spek, 2009); soft- 
ware used to prepare material for publication: OLEX2. 

We gratefully acknowledge financial support by the 
National Natural Science Foundation of China (grant No. 
20572103). 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: LW2067). 
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3,5-Di-0-benzoyl-l,2-0-isopropylidene-«-D-n6o-hexos-3-ulo-l,4:3,6-difuranose 
Q, Zhang, X, Chen, N. Zhu, T. Jiang and H, Liu 

Comment 

C23H22O8, (I), is an important intermediate in the synthesis of bicyclo-glycosyls (Zhang et ai, 2011), whose nucleoside 
derivatives play a vital role as anti-tumour and antivirus agents have been synthesised (Xavier et al. 2009; Rajwanshi et 
al. 1999). 

The nucleus of molecule (I),Figure 1, consists of three fused rings, a methylenedioxy ring which is linked to two fused 
tetrahydrofuran rings. The methylenedioxy ring and a tetrahydrofliran ring are oriented in opposite directions with respect 
to the central tetrahydrofuran. One of the benzoyl ester groups is attached at the junction of the two tetrahydrofuran rings. 
The other is attached to the outer tetrafuran ring. Both the benzoyl ester groups are in an axial conformation with respect 
to the outer tetrhydrofuran ring. 

The molecules are linked by two weak C-H- -0 hydrogen bonds, Table 1, to form a chain which runs parallel to the 
a- axis. Figure 2. 

Experimental 

The title compound (I) was synthesized from l,2;5,6-di-0-isopropylidene-a- D-r/Z>o-hexofuranosid-3-ulose as described 
previously by Tronchet, (Tronchet & Bourgeois, 1971), whose starting material was D-glucose. A solution of l,2;5,6-di-0- 
isopropylidene-a- D-nZ70-hexofijranosid-3-ulose (1.01 g, 3.87 mmol) in aq. AcOH (60%, 15 ml) was stirred at room tem- 
perature overnight. The solvent was co-evaporated with toluene and the residue was purified by column chromatography 
(EtOAc) to produce the difuranose compound l,2-O-Isopropylidene-a-D-r/Z7o-hexos-3-ulo-l,4:3,6-difuranose(0.79 g). Ben- 
zoyl chloride (0.05 ml,9 mmol) was then added to a solution of this difuranose compound in dry pyridine (3 ml). This solution 
was stirred at room temperature for 2 h. Water (10 ml) was added to the solution, and the mixture was extracted with EtOAc. 
The combined organic layers were washed with water and dried with anhydrous Na2S04. After filtration and evaporation 
of the solvent, the residue was recrystallised in EtOAc to obtain the title compound as white solid. Crystals suitable for 
X-ray analysis were grown by slow evaporation from acetone at room temperature for two weeks, mp: 459-460K; Rf= 0.35 

(petroleum ether/EtOAc, 5:1); NMR (400 MHz, CDCI3) o: 8.10(4//, m), 7.62(m, 2H), 7.49(m, 4H), 6.06(1//, d, J=3.8 
Hz), 5.68(1//, dd, J=6.1 Hz), 5.23(1//, d, J=3.8 Hz), 5.12(1//, d, J=4.7,6.0 Hz), 4.58(1//, dd, J=9.4,7.0 Hz), 4.27(1//, dd, 
J=9.4,6.0 Hz), 1.52(3//, s), 1.37 (3//, s). ^^C NMR (100 MHz, CDCI3) o: 165.9, 164.4, 133.6, 133.5, 130.0, 129.9, 129.5, 
129.1, 128.5, 128.5, 113.8, 113.2, 107.4, 82.9, 81.8, 72.6, 72.2, 27.2, 27.2. 

Refinement 

All H atoms were placed geometrically and treated as riding on their parent atoms with C — H are 0.93A(aromatic), 
0.96A(methyl), 0.97A(methylene) and 0.98A(aliphatic) with (7iso(H) ^I.IU^JC). 
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In the absence of any significant anomalous scatterers in the molecule, attempts to confirm the absolute structure by re- 
finement of the Flack parameter in the presence of 1675 sets of Friedel equivalents led to an inconclusive value of -0.10 (14). 
Therefore, the Friedel pairs were merged before the final refinement and the absolute configuration was assigned to corres- 
pond with that of the known chiral centres in a precursor molecule, which remained unchanged during the synthesis of the 
title compound. 



Figures 



Fig. 1. The molecular structure of (I) showing the atomic numbering and 30% probability dis- 
placement ellipsoids. H atoms omitted clarity. 



Fig. 2. Stereoview of the chain formed by C-H - 0 hydrogen bonds. Hydrogen atoms not in- 
volved in the motifs are not included. 



3,5-Di-0-benzoyl-1 ,2-O-isopropylidene- a-D-r/6o-hexos-3-ulo-1 ,4;3,6-difuranose 



Crystal data 

C23H22O8 
Mr = 426.41 
Orthorhomb ic , P2 1 2 1 2 1 
0 = 6.05837 (10) A 
fe = 8.33827 (14) A 
c = 40.9992 (7) A 

F= 2071.13 (6) A^ 

Z = 4 

^■(000) = 896 



Dx= 1.367 Mgm"-' 

Melting point = 459-460 K 

Cu Ka radiation, >.= 1.5418 A 

Cell parameters from 5890 reflections 

9 = 3.2-72.3° 

H = 0.87 mm"^ 
r=291 K 
Prism, colourless 
0.30 X 0.30 X 0.25 mm 



Data collection 

Agilent Xcalibur Eos Gemini 
diflractometer 

Radiation source: Enhance (Cu) X-ray Source 



242 1 independent reflections 
2335 reflections with / > 2a{I) 
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graphite ^int = 0.026 

Detector resolution: 16.23 12 pixels mm"' 9max = 72.3°, 9min = 4.3° 

(0 scans h = ~-7—>-7 

Absorption correction: multi-scan t - -q in 
(Crv5^&P/?0; Agilent, 2011) 

r^in = 0.780, rmax = 0.812 / = -21^50 
10556 measured reflections 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F^>2oiF^)] = 0.036 
wR{F^) = 0.094 
5'= 1.06 

2421 reflections 
282 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w= l/[c>^(Fo^) + (0.06437^)^ + 0.1182P] 

where P = (i^o^ + 2i?cV3 
(A/aW = 0.001 

Apmax = 0.19eA-^ 

Apmin = -0.26eA"^ 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the fiill covariance matrix. The 

cell csds arc taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on F^, convention- 
al /{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > a(i^) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, /{-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


V 


z 


TI- */U 
^iso ' ^eq 


01 


0.7379 (3) 


1.23548 (17) 


0.88731 (3) 


0.0556 (4) 


02 


0.8454 (3) 


1.07286(15) 


0.84526 (3) 


0.0553 (4) 


03 


0.7285 (2) 


0.70109(16) 


0.88507 (3) 


0.0458 (3) 


04 


0.4603 (2) 


1.04625 (17) 


0.88971 (3) 


0.0460 (3) 


05 


0.4346 (2) 


0.82295 (17) 


0.93608 (3) 


0.0462 (3) 


06 


0.1023 (3) 


0.9393 (3) 


0.94092 (4) 


0.0694 (5) 


07 


0.6458 (2) 


0.78758 (16) 


0.83253 (3) 


0.0396 (3) 


08 


1.0139 (2) 


0.75343 (19) 


0.82694 (3) 


0.0477 (3) 


CI 


0.6881 (4) 


1.0796 (2) 


0.89615 (4) 


0.0436 (4) 


HI 


0.7261 


1.0586 


0.9190 


0.052* 


C2 


0.8210(3) 


0.9737 (2) 


0.87294 (4) 


0.0388 (3) 
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Atomic displacement parameters (A^) 



jjll jj22 ^33 jjM jjl3 ^23 

01 0.0844(11) 0.0392 (6) 0.0433 (7) -0.0017(7) 0.0146 (7) -0.0098(5) 

02 0.0874(11) 0.0392(6) 0.0392(6) -0.0010(7) 0.0204(7) -0.0044(5) 
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—U.UUzU (0) 




A A^i z ^^(w 


U.UjO / (lU) 


u.uiyi (o) 


A AAAA /'0^ 

U.UUUU yy) 


U.UUoo (o ) 


A AAA^ ^Q\ 

U.UUOj (o) 




A ATl/l /"I /1"\ 

U.U / j4 (i4J 


U.UOO / (1.^) 


U.U J40 (o) 


A AAQQ /"I 0\ 

U.UUoo (Iz) 


AAl 00 

U.Ulzz yy) 


—A AAQ7 ta\ 

U.UUy / yy) 


i^l A 


A ACA^ '\\ 


U.UOV3 (i *) 


A A'17A 
U.UJ /U (o ) 


A A1 

U.Ul J J (i J) 


A A 1 77 ^^ rw 

U.U iZZ (iU) 


A A7AC ('Q\ 
U.UZUo (V) 




U.U J 12. 


U.U/ j4 (14) 


U.Uj J<5 (11) 


A AAA/1 ^^ 'y\ 
U.UUd4 (1/) 


A A1 77 ^^ f\\ 
U.UIZ / (lU) 


A A7/1 1 
U.UZ4 /(II) 




U.U4 /j (,iUJ 


U.UD4y (lU) 


U.U414 (o) 


A AA07 

v.vvZ / [y) 


—A AAl A 

U.UUlU (oJ 


—A A1 1 7 

U.Ul 1 / (o) 


L-i / 


A A^IO /"l T\ 
U.UjiZ (^11 J 


U.UJ04 (lU) 


U.UJ J J (6) 


A AAAO /"O^ 

u.uuoy yy) 


U.UUoo (o) 


A AAAl /"C^ 

U.UUUJ yp) 


o 


A A/CAT / 1 1 \ 

U.UoU/ (11) 


A ACAI /AX 

0.0502 (9) 


A AT 1 c /'n\ 

U.UJl J ( /) 


A AAAO /A\ 
U.UUU8 (V) 


A AACO /OX 

U.UUjo (8) 


A AA A n /nx 

U.UU47 (7) 


C19 


0.0694(13) 


0.0703 (13) 


0.0420 (9) 


0.0067(13) 


-0.0031 (10) 


0.0033 (9) 


C20 


0.091 (2) 


0.0973 (19) 


0.0493(11) 


-0.0043 (17) 


-0.0210(13) 


0.0079(13) 


C21 


0.123 (3) 


0.0871 (18) 


0.0391 (10) 


-0.017(2) 


-0.0067 (14) 


-0.0085 (12) 


C22 


0.114(2) 


0.0735 (15) 


0.0488 (11) 


-0.0001 (17) 


0.0131 (15) 


-0.0166(12) 


C23 


0.0725 (14) 


0.0620(12) 


0.0473 (10) 


0.0087(12) 


0.0082(10) 


-0.0061 (9) 



Geometric parameters (A, °) 



01— CI 


1.382 (2) 


C8— H8A 


0.9600 


Ol— C7 


1.437 (2) 


C9— H9B 


0.9600 


02— C2 


1.412 (2) 


C9— H9C 


0.9600 


02— C7 


1.426 (2) 


C9— H9A 


0.9600 


03— C3 


1.397 (2) 


CIO— Cll 


1.492(2) 


03— C6 


1.445 (3) 


Cll— C16 


1.384 (3) 


04— C4 


1.410(2) 


Cll— C12 


1.389 (3) 


04— CI 


1.432 (3) 


C12— C13 


1.386 (3) 


05— C17 


1.346 (2) 


C12— H12 


0.9300 


05— C5 


1.439 (2) 


C13— C14 


1.371 (4) 


06— C17 


1.197 (3) 


C13— H13 


0.9300 


07— CIO 


1.362 (2) 


C14— C15 


1.378 (4) 


07— C3 


1.4328 (17) 


C14— H14 


0.9300 


08— CIO 


1.194 (2) 


C15— C16 


1.392 (3) 


CI— C2 


1.528 (2) 


C15— H15 


0.9300 


CI— HI 


0.9800 


C16— H16 


0.9300 


C2— C3 


1.523 (3) 


C17— C18 


1.489 (3) 
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C2 — rlZ 




Clo — CIV 
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— C4 
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C 1 o — Cz3 
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L/t — CD 




CIV — CzU 


1 TAC /■'lA 
1.3yj (3) 


C4 — xl4 




ciy — Miy 


A OlAA 


Cj — Co 


1 cm 
I.jUZ (3) 


CzU — Cz 1 


1 no ( z\ 
1.3 /o (D) 


CD — xiD 


A nOAA 


CzU — xiZU 


A mAA 


p/; WAR 


0 0700 






C6 — H6A 


0.9700 


C21 — H21 


0.9300 


C7 — C9 


1.503 (3) 


C22 — C23 


1.381 (3) 


C7 — C8 


1.505 (3) 


C22 — H22 


0.9300 


C8 — H8C 


0.9600 


C23 — H23 


0.9300 


C8 — H8B 


0.9600 
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Cz — CI — HI 
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m 
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1 TA T 
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llz. / 
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1 OA 1 
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linn 

1 ly.y 
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U / — Ci — Cz 
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linn 
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lU /.UZ (13) 
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/^ic A \S5^ A 
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lU/.UV (1 j) 
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1 TA A 

IzU.U (Z) 


/^/i r^A r^c 
U4 — C4 — C5 


11/1 An /I 
114.Uy (13) 


C14 — CI J — H15 


1 OA A 


f^A /~^C 

Ci — C4 Cj 


1 Ai Az ex A\ 
lU3.4j (14) 


/^i/; /^ic U1C 
C 1 0 — C 1 5 — H 1 J 


1 OA A 
IZU.U 


f^A A U/l 

U4 — C4 — ^H4 


1 1 A 

UU.O 


C 1 1 — C 1 0 — C 1 5 


1 1 n A A /I n\ 

1 iy.44 (ly) 


r^i r^A uA 
Ci — C4 — H4 


1 1 A iC 


Cll — Clo — ^Hlo 


1 OA "5 

lzU.3 


r^A xj/i 
Cj — C4 — H4 


1 1 A iC 


CI J — Clo — Hit) 


1 OA "3 

lzU.3 


r^c 

UD — Cj — Co 


1 AT 1 1 /I 0\ 

lU /. 33 (lo) 


Uo — CI / — U5 


1 Ol T/i / 1 0\ 

1Z3. /o (lo) 


f~\z r^c r^A 

U5 — C5 — C4 


1 An nA / 1 c\ 

109.90 (15; 


Uo — C17 — C18 


1 o /I c /I /I n\ 

124.54 (19) 


C6— C5— C4 


102.30 (15) 


05— C17— C18 


111.69(17) 


05— C5— H5 


112.3 


C19— C18— C23 


120.3 (2) 


C6— C5— H5 


112.3 


C19— CIS— C17 


122.40(19) 


C4— C5— H5 


112.3 


C23— C18— C17 


117.3 (2) 


03— C6— C5 


105.23 (16) 


C18— C19— C20 


118.9 (3) 
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\j5 — Co — Hod 


1 1 A T 
1 lU. / 
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clo — civ — Hiy 


1 OA C 

IzU.j 


Cj — Co — Mod 


1 1 A T 


/"'OA 1 A TUIA 
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Czz — Czl — Hzl 


1 1 A T 

iiy./ 


r^n t^c\ 
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C3— C4— C5— C6 -18.98(19) C17— CIS— C23— C22 178.6(2) 

C3— 03— C6— C5 -38.6 (2) 

Hydrogen-bond geometry (A, °) 

D—n-A D— H n-A D-A D—R-A 

C2— H2-06* 0.98 2.55 3.2793(17) 131 

C4— H4-08" 0.98 2.59 3.4882(16) 153 
Symmetry codes: (i) JiH-1, y, z; (ii) x-\,y,z. 
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